Purpose: In this study, it was aimed to examine the impacts of elastics band trainings, which were applied for 12 weeks on the Olympic-style weightlifters, on their sportive performances and psoas, ilacus, and quadratus lumborum muscle volumes.
the cross-sectional area and volume, and this increase developed the power and strength parameters in a positive way (Mendis and Hides, 2016; Ince 2019; Jelena et al., 2009; Abe et al., 2010; Morse et al., 2005) . Elastic bands (E-Band) are one of the equipment that develop the strength (Page and Ellenbecker, 2005) . E-Bands are the equipment that are mostly used for increasing the sportive performance (Treiber et al., 1998; Janusevicius etal., 2017) , rehabilitation of the orthopedic problems in the elderly (Hintermeister et al., 1998; Kwak et al., 2016; Oh et al., 2016) , and to prevent the decrease in the muscle power (Mikesky et al., 1994; Yasuda et al., 2014) .
No study could be found which is conducted on determining the impacts of E-Band trainings on the PS, QL, IL muscle volumes and sportive performances of Olympic-style weightlifters (O-sW) .
This research study aimed at examining the impacts of elastic band trainings, which was applied for 12 weeks to the O-sW, on their posterior abdominal muscles and performances.
Material and Method

Subjects
This research study was conducted on 4 groups, comprising of 12 men (E-Band training group (n=6), control group (n=6)), and 12 women (E-Band training group (n=6), control group (n=6)) O-sW, who were between 18-24 years old, had been regularly and actively doing trainings in the last 3 years, were randomly grouped, and attended national and international competitions. The pre-training and post-training demographic data of the groups are presented in Table 1 . 1,9±0,2 1,9±0,2 0,800 1,9±0,2 1,9±0,2 0,810 1,6±0,1 1,6±0,1 0,750 1,6±0,1 1,6±0,1 0,770 BW: Body weight, BMI: Body mass index, BSA: Body surface area, Pre: Before e-band training, Post: After e-band training.
Procedure and Training Program
Ethical Committee Approval Documents concerning the study was gained from the K.T.O. Karatay University, Medical Faculty, Department of Medical Education Ethical Committee, and all of the procedures were performed according to this document (date:12-04-2016 and numbered 017). A specialist physician performed physical inspections of the athletes, and necessary explanations concerning the content of the study was made to the athletes.
O-sW trainings were applied at the same volume and intensity to all of the groups throughout the 12-weeks period, and 6 days a week. OW trainings contained snatch, power snatch, clean-and-jerk, jerk push, jerk power clean, snatch pulls, clean pulls, squat front, and squatback (Badıllo et al., 2006) . Before the E-Band trainings and at the end of the 12th week, all of the participant weightlifters were included in the regional competitions. The athletes were given 3 trials for snatch and clean -and-jerk movements in the competitions. The best single repeat maximal weights that were lifted by the groups through snatch, clean-and-jerk, and in total were recorded and presented in Table 5 as comparisons.
Since the resistance produced by the E-Bands change according to their colors (Page and Ellenbecker, 2005) , in order to determine the colors of the E-Bands that the training group athletes will use, the participants were made to perform training movements (15 reps) with E-Bands in different colors. It was observed that athletes from the E-Band training group, who made the movements in the most accurate way and without changing the angle, used the black E-Bands (Theraband, Hygenic Corporation, Akron, OH, USA). The E-Bands were replaced with new ones in case of deformation or a decrease in their resistance (Santos et al., 2009 ).
Only the men/women athletes from the E-Band training groups were made to perform E-Band trainings in addition to and after each OW training. In this time period, except for the OW trainings, the men/women athletes from the control groups were not made to perform any E-Band training, specific training, or placebo. E-Band training planning was comprised of warm-up (10 min), E-Band training (20 min), cooling down and stretching (10 min). Following the warm-up, E-Band trainings were conducted by the athletes for 12 weeks (6 days a week) and in 4 sets of 15 reps, with one-minute intervals in between each set (Table 2) . For the E-Band training group, standing hip flexion exercises ( Figure 1 ) clamshell exercises ( Figure 2 ), and lying hip flexion exercises ( Figure 3 ) (Johnston et al., 1999; Johnson and Reid, 1991; Anderson et al., 1995) were applied with E-Band for the iliopsoas muscle compartment, which works actively with hip flexion and hip abduction; and sideband exercises were applied with E-Band for the quadratus lumborum muscle, which works actively with the lateral flexion of the trunk (Figure 4 ) (McGill et al., 1996) . 
MRI Protocol
In the abdomen imaging of the research groups, the (1.5 Tesla) magnetic resonance imaging (MRI) (MagnetomAvanto; Siemens Healthcare Erlangen, Germany) device was used. The volunteers positioned on the MR table in a supine posture with the legs fully extended. Four channel phased array body coils were placed on the abdominal region and the preparations were completed for MR imaging test. The region to be imaged in the study was determined as the proximal border of the 12 th Thoracic vertebrae, and distal border of trochanter minor of femur. Axial images were taken from the relevant region (T1 parameters: TE: 10, TR:1150, Cross section thickness: 5 mm, Interslice distance: 5 mm, Matrix: 320*160, FOV: 206*330, NEX: 2), and sagittal and coronal images were taken for use in radiological evaluations. Imaging process concerning the groups was completed after recording the MR images to the CD-ROMs in DICOM format.
MRI Evaluation
A radiologist evaluated the MR images of posterior abdominal wall muscles of all the groups before the research and after the E-Band training, which lasted for 12 weeks. The axial cross-sectional views, which included the relevant muscle images, were detected in the CD-ROMs opened in the personal computers. After being named from proximal to distal and exported in JPEG format, these images were recorded to the files created for each participant. The axial views of each participant were opened in the image analysis program (Corel Designer Technical Suite X5). The muscle borders in the images were determined and recorded by using graphics tablet (Uc-logic LapazzA4 professionally designed tablet, Japan) ( Figure 5 ).
Calculation of the Muscle Volumes
Cavalieri method was used in determining the volumes of the muscles. Previous research studies were taken as reference (Gundersen and Jensen, 1987; Canan et al., 2002; Sahin et al., 2003) in using this method. In the Cavalieri method, the researchers can question the accuracy of their volume calculations, which were determined by taking the cross-sections and counting the points, by an error coefficient (EC) calculation. If the calculated EC value is equal or lower than 0.05, it demonstrates that the volume calculation is accurate (Gundersen and Jensen ,1987; Sahin et al., 2003; Bahar et al., 2014) . Before a volume calculation with the Cavaileri method, a prestudy is conducted on the number of the cross-sections and on determining the frequency of the points on the point grids, which will be used in calculating projection areas of the relevant structures. At the end of the prestudy, which aims a volume calculation with a HK≤0.05 value; it was decided that, in muscle volume calculation of QL and IL, all of the cross-sectional images will be used; as per the muscle volume calculation of PS, it was decided to reduce by half the number of the cross-sections after a ½ systematic random sampling; and it was decided about the point grids that, the point grids, in which the surface of a point represents an area of 36 mm 2 , will be used for men, and the ones, in which the surface of a point represents an area of 25 mm 2 , will be used for women. After the prestudy, the image files recorded separately for each participant were opened via ImageJ program and after necessary synchronizations, the decided point grids were thrown randomly upon the images. The points falling to the mentioned muscles were (left and right separately) counted ( Figure 6 ). This transaction was repeated for each muscle, and the number of the total points (Σ ) falling to the muscle was determined. This figure was multiplied with the area represented by the points (36 for the men groups, and 25 for thewomen groups); thus, the total cross-sectional area (ΣA) of the muscles was calculated. The volumes of the muscles were calculated via the following mathematical formula, V= t x ΣA (t: distance between two cross-sectional images,ΣA: total muscle cross-sectional area). EC calculation concerning the volume calculation was conducted taking the previous studies (Gundersen and Jensen, 1987; Canan et al., 2002; Sahin et al., 2003) as the reference. Armonk, NY: IBM Corp.) was used for the analysis of the data obtained from the study. The variables were evaluated after the normality test and the pre-conditions of homogeneity of the variances (Shapiro Wilk and Levene Test) were conducted. During the data analysis, independent two-sample t-test (Student's t-test) was used for the comparison of the two groups, and dependent two-sample t-test (Paired t-test) was used for the evaluation of pre and post training. P <0.05 and p <0.001 were considered for the significance levels of the tests.The results were presented as a chart in the form of Mean ± SD.
Results
The age, height, weight, body surface area, and body mass index data of the research groups were shown on Table 1 . At the outset of the E-Band trainings and at the end of the E-Band trainings, which lasted for 12 weeks, the groups were compared in terms of these parameters and no statistical difference was observed (P>0,05).
It was detected that standing hip flexion exercises, clamshell exercises, lying hip flexion exercises and side bend exercises were applied for 6 days and 12 weeks on the E-Band groups, and they did 180 repetitions a week for each exercise and 2160 repetitions in total for each exercise at the end of 12 th week ( Table 2) .
The comparison of the intergroup PS (right-left, total) , IL (right-left, total) ,QL (right-left, total) and PS+IL+QL (total) muscle volumes of the research groups at the outset of the E-Band trainings (pre) and at the end of the E-Band trainings (post), which lasted for 12 weeks, was presented in Table 3 . It was detected that there existed no statistically significant difference between the research groups in terms of posterior abdominal wall muscle volumes at the outset of the E-Band training (p>0.05). At the end of the E-Band trainings, which lasted for 12 weeks, it was observed that PS left, total , QL right, total muscle volumes of the men in the E-Band training group were greater than those of the men in the control group (p<0.05), and IL right, left , total ,QL right and PS+IL+QL total muscle volumes of the womens in the E-Band training group were greater than those of the womens in the control group (p<0.05). The comparison of increases in PS (right, left, total) , IL (right, left, total) , QL (right, left, total) and PS+IL+QL (total) muscle volumes of the E-Band and the control groups at the outset and after the 12-week E-Band training was presented in Table 4 . Great increases were observed statistically in Pre-Post PS (right, left, total) , IL (right, left, total) , QL (right, left, total) and Pre-Post PS+IL+QL (total) muscle volumes of E-Band men and women groups. A significant increase was detected in Pre-Post IL (left) , QL (right , total) muscle volumes of the men in the control group and in Pre-Post PS (right) , IL (right, left, total) , QL (right, left, total) and PS+IL+QL (total) muscle volume values of the women in the control group. The comparison of the maximal weights that the men-women E-Band and control groups lifted in snatch, clean-and-jerk, and total at the outset of the E-Band trainings and at the end of E-Band trainings, which lasted for 12 weeks, was presented in Table 5 . No statistically significant difference was observed between the men-women E-Band and control groups in terms of the parameters at the outset and end of the E-Band training (p>0,05). The comparison of the increases in maximal weights that the research groups lifted in snatch, clean-and-jerk, and total at the outset of the 12-week E-Band trainings (pre) and at the end of E-Band trainings (post) was presented in Table 6 . Differences were detected statistically in the groups' maximal weightlifting at the outset and end of the E-Band training in Pre-Post snatch, clean-and-jerk, and total (Except for the maximal weights that the women in the control group lifted in Pre-Post snatch, clean-and-jerk). 
E-BAND
Pre-Snatch Post Snatch 4,8 1,2 0,5 -10,127 5 0,001** 3,7 1,6 0,7 -5,129 5 0,004*
Pre-Clean and Jerk
Post-Clean and Jerk 4,7 1,6 0,7 -7,000 5 0,001** 4,2 0,4 0,2 -25,000 5 0,001**
Pre-Total
Post-Total 9,5 1,9 0,8 -12,438 5 0,001** 7,8 1,6 0,7 -11,977 5 0,001** CONTROL Pre-Snatch Post Snatch 0,8 0,8 0,3 -2,712 5 0,042* 0,7 0,8 0,3 -2,000 5 0,102
Pre-Clean and Jerk
Post-Clean and Jerk 1,2 1,0 0,4 -2,907 5 0,034* 0,7 0,8 0,3 -2,000 5 0,102
Pre-Total Post-Total 2,0 1,3 0,5 -3,873 5 0,012* 1,3 1 0,4 -3,162 5 0,025* *p<0,05, **p<0,001, Pre: Before the E-Band training, Post: After the E-Band training.
Discussion
It was reported that different training methods and sports equipment were used to improve muscular force, trainings that were applied had positive effects on muscle cross-sectional areas and volumes, these effects contributed positively on both the performance and health of the athletes and the rehabilitation of individuals who do not exercise regularly (Mendis et al., 2016; Hoshikawa et al., 2013; Jelena et al., 2009) . It was reported that in a study which was conducted by separating young male soccer players (12-13 years) into exercise and control groups, both groups were made to perform soccer training, and in addition to the soccer trainings the individuals in the exercise group were made to perform stabilization exercises (elbow-toe, elbow-heel, side bridge, modified 1-legged squat, and bent-knee push-up) four days a week for 6 months. In the study in which MR images of the groups were used, it was reported that there occurred no increase in the m.rectus abdominus, m. oblique (internal oblique, external oblique, and transversus abdominis), m. psoas major, m. quadratus lumborum, and m. erector spinae cross-sectional areas of the trunk muscles after the stabilization exercises (Hoshikawa et al., 2013) . In another study conducted with the athletes, it was revealed that motor control trainings (using pilates exercises and elastic band) that were applied on elite men football players (22.8 ±3.5 age) for 15 weeks in addition to the football trainings during the season provided an increase in iliopsoas, sartorius and gluteus medius muscle cross-sectional areas, and this increase reduced the back pains (Mendis and Hides, 2013) . Jelena et al. (2009) applied elbow extensor training on healthy men individuals (22.5 ±3.7 years) who had not done exercise before using isoacceleration dynamometry equipment for 6 weeks (5 days a week, 5 sets and 10 repetitions). It was revealed that the applied training increased both two arms triceps brachii muscle volume (right arm from 456.9 ±113.8 cm 3 to 475.8 ±100.9 cm 3 , left arm from 444.3 ±121.9 cm 3 to 468.4 ± 110.4 cm 3 p< 0.05) and upper arm extensor muscular force (43% p< 0.01). It was reported that a statistically powerful positive correlation was detected between the increase in triceps brachii muscle volume and the increase in muscular force (p< 0.01). In another study in which young men individuals (23.0 ± 1.7 years) were separated into exercise and control groups, the individuals in the exercise group were made to do short-time (15 min) trainings with electrically braked bicycle ergometer at low intensity (40% of VO2 max) and 3 days a week for 8 weeks; and any training program was not applied to the individuals in the control group. It was reported that in determining muscle volumes on MR images, there occurred an increase in thigh (3.8%) and quadriceps femoris (5.1%) muscle volumes of the individuals in the exercise group (p< 0.01), and no change was observed in the individuals in the control group (p>0.01). It was revealed that maximal isometric knee extension force (7.7%, p< 0.1) and aerobic capacity increased positively together with the increase in muscle volumes of the individuals in the exercise group (Abe et al., 2010) . Harber et al. (2009) reported that the 12-week aerobic exercise trainings (using electronically braked bicycle ergometer) that they applied to the old women (71±2 years) increased the quadriceps femoris muscle volumes of the old women (From 587±55 cm 3 to 654±60 cm 3 p<0.05), this increase in the muscle volume enhanced the knee extensor power (From 241±42 W to 296±45 W) and isometric force parameters (From 199±25 Nm to 261±27 Nm) to maximal levels. In another study conducted with the old individuals (70-82 years, male) Morse et al. (2005) reported that the resistance exercise trainings (Leg press and sitting calf exercise with body building equipment, leg press sitting plantar flexion exercises with elastic band) that were applied for 12 months 3 days a week increased the triceps surae muscle volumes of the old individuals by 12% (from 796.3±78.9 cm 3 to 916.8±144.4 cm 3 P<0.05), and isometric plantar flexor contraction torque by 20% (from 113.1±22.0 Nm to 141.5±19.2 Nm p<0.01). It was revealed that an increase in the triceps surae muscle volume of affects muscle activation and muscular force positively. In a study in which rectus abdominis, transversus and obliquesabdominis muscle volumes were detected on MR images of before and after the exercise at the end of a 36-week Pilates training that was applied to middle-age women (35±5.4 years) who had never done exercise before, it was reported that pilates trainings increased rectus abdominis muscle volume by 21% (P<0.05), and dominant side obliques and transversusabdominis muscle volume by 8% (P<0.05). It was stated that long-term pilates trainings were useful in strengthening abdominal muscles and preventing asymmetrical abdominal muscle development (Dorado et al., 2012) .
In our study, significant increases were detected in posterior abdominal wall muscle volumes of the men and women athletes in the exercise group that we applied E-Band training for 12 weeks. An increase of respectively 52±13,4, 45±12,4, 97±22,8 cm 3 was observed in the Pre-Post PS (right, left, total) muscle volumes of the males in the E-Band group, an increase of 38±12,1, 46±18,9, 84±29,3 cm 3 in IL (right, left, total) , an increase of 20±2, 22±5,8, 41±5,6 cm 3 in QL (right, left, total) , and an increase of 223±42,2 cm 3 in PS+IL+QL (total) muscle volumes. In the E-Band women groups, an increase of respectively 27±4,6, 20±4,7, 47±3,6 cm 3 was detected in the Pre-Post PS (right, left, total) muscle volumes, and an increase of 29±4,9, 37±9,4, 67±11,8 cm 3 in IL (right, left, total) , an increase of 14±4,1, 15±4,9, 30±7,8 cm 3 in QL (right, left, total) , and an increase of 143±10,3 cm 3 in PS+IL+QL (total) muscle volumes. We think that the increases in posterior abdominal wall muscle volumes observed in the men and women exercise groups were caused by the hypertrophic effects of the E-Band trainings, which were applied for 12 weeks, on these muscles. In our study, increases in PS, IL, QL (right, left, total) muscle volumes of the men and the women athletes in the control group were also observed but it was detected that these increases were much smaller than the increases in the volumes in the E-Band groups. We think that this difference observed between the posterior abdominal wall muscle volumes of the E-Band and the control groups arised from the fact that only weight lifting trainings were applied to the athletes in the control group and these weight lifting trainings did not work these muscles actively.
Different training methods with different equipment were applied to various training groups and it was concluded that the trainings provided an increase in the muscle volumes of the individuals and this increase affected muscular force and power parameters of the individuals positively (Jelena et al., 2009; Abe et al., 2010; Harber et al., 2009; Ince 2019; Morse et al., 2005) . In our study, increases were detected in one-repetition maximal weights that the men and women athletes lifted in the E-Band group at the outset of E-Band training and at the end of 12 weeks. An increase of respectively 4,8±1,2, 4,7±1,6, 9,5±1,9 kg in the Pre-Post (Snatch, Clean and Jerk, Total) weight liftings of the men in the E-Band group, and an increase of respectively 3,7±1,6, 4,2±0,4, 7,8±1,6 kg in the Pre-Post (Snatch, Clean and Jerk, Total) weight liftings of the E-Band group womens were observed. Increases were also observed in the weights that the athletes in the control group lifted in snatch, clean-and-jerk, and total, but these increases were much smaller than those of the athletes in the E-Band group. In our study, we think that the differences between the increases in weights that the athletes in the E-Band and the control groups lifted in snatch, and clean and jerk arose from the differences in increases that occurred in posterior abdominal wall muscle volumes between the groups. Also, it was reported that as the E-Bands have a feature that they can make the applied movements felt from every angle, they contribute much to force development and the improvement of other motoric features (Page and Ellenbecker, 2005) . Also in our study, it is thought that E-Band had positive effects on sportive performances of the athletes in the E-Band group because of the angular advantages of E-Band on the exercises that were applied.
In conclusion, it was observed that elastic band trainings that were applied to Olympic weightlifters created positive effects on their sportive performances as well as they increased the PS, IL, QL muscle volumes of the athletes. Based on this result, it has been concluded that in order for Olympic weightlifters to contribute to their sportive achievements in national and international competitions, it might be a correct approach to add specific elastic band exercises that can improve posterior abdominal wall muscles to general weight lifting programs.
